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SUMMARY. Campylobacter jejuni cells are able to enter a viable but nonculturable (VBNC)
state when they are suspended in water. In the present experiments we inoculated day-of-hatch
leghorn and broiler chicks with normal gut microflora and subsequently challenged these with
high doses of VBNC C. jejuni. The objective was to determine if the pre-establishment of a normal
gut flora would enable VBNC Campylobacter to recover, revert to the vibrionic form, and colonize
the cecum. Day-of-hatch leghorn and broiler chicks were gavaged through the esophagus with
0.75 ml of a continuous-flow culture of normal cecal organisms. Two days after gavage, the same
chicks were gavaged with 0.75 ml (greater than 10° colony-forming units) of a VBNC suspension
of C. jejuni. Seven days later, cecal contents were collected, serially diluted, and examined for the
presence of viable culturable C. jejuni. Our results demonstrated that the VBNC C. jejuni cells
were unable to revert to a vibrionic culturable form capable of colonizing the cecum.

RESUMEN. Noza de Investigacién—Incapacidad de la microflora del ciego para promover la
reversion de Campylobacter jejuni viable no cultivable.

Al ser suspendidas en agua, las células de Campylobacter jejuni son capaces de entrar en un
estado viable no cultivable. Se inocularon al nacimiento pollitos tipo Leghorn y pollitos de
engorde con una microflora intestinal normal y seguidamente fueron desafiados con una dosis
elevada de C. jejuni viable no cultivable. Se determiné si el establecimiento inicial de una flora
intestinal normal permitiria la reversién del C. jejuni viable no cultivable a su forma vibridnica,
colonizando el ciego. Al nacimiento, se les introdujo a través del eséfago 0.75 ml de un cultivo de
organismos cecales normales por ave. A los dos dias, a las mismas aves se les introdujo a través del
esdfago 0.75 ml de una suspension de C. jejuni viable no cultivable (mis de 10° unidades
formadoras de colonia). Siete dias después, se tomaron los contenidos cecales, se diluyeron
seriadamente y se examinaron para determinar la presencia de C. jejuni viables cultivables. Se
demostré la incapacidad de las células de C. jejuni viables no cultivables de revertir a su forma
vibridnica cultivable capaz de colonizar el ciego.
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Abbreviations: CFU = colony-forming units; doh = day of hatch; NAF = normal adult chicken
microflora maintained in a continuous-flow chemostat; VBNC = viable but nonculturable

Rollins and Colwell (19) described a viable but
nonculturable (VBNC) coccoid form of Campylo-
bacter jejuni in natural aquatic environments. Non-
culturable coccoid cells form when C. jejuni cells are
suspended in water. Although these coccoid cells
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remain viable, they are undetectable by conventional
microbiological methods. Instead, VBNC organ-
isms may be detected by their ability to reduce tetra-
zolium salts (2,10) and, electron-microscopically, by
the fact that the cells remain intact against high
osmotic gradients.

Several bacterial genera contain organisms capable
of entering the VBNC state (1,4,5,14,18,20,22,23).
However, the physiological role of the VBNC state
is somewhat unclear. Some evidence indicates that
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VBNC cells are degenerative and destined to die
(27,28,29). It has been reported that VBNC cells of
Salmonella typhimurium do not infect mice, whereas
it has been reported that VBNC C. jejuni do and
do not colonize chickens (24,29). The questions
surrounding formation of VBNC cells, possible
resuscitation, infectivity after resuscitation, and
conditions favorable to resuscitation of VBNC C.
Jjejuni may be critical to understanding how poultry
become infected within broiler houses. We do not yet
know if either the morphologic variations or the
VBNC state are part of Campylobacter's approach to
enhancing their opportunity to survive in the
environment and their opportunity to infect animals
and man (3,7,9,15,16,24,26,27,28,29).

Vibrio cholerae and Helicobacter pylori are patho-
gens of the human gastrointestinal tract that bear
many similarities to C. jejuni. Each is, like Cam-
pylobacter, a vibrio with a polar flagellum, and each
readily forms VBNC cells under adverse conditions.
Vibrio cholerac’s natural habitat is aquatic, and it is
in aquatic environments that Campylobacter trans-
forms to the VBNC state. Colwell ¢t a/. (5) reported
that human volunteers developed cholera following
exposure to the VBNC form of the cells. That
report (5) indicates that the human intestine,
complete with normal adult microflora, presents
an environment in which VBNC V. cholerae are
resuscitated and transformed into infective cells.
Given this fact, the objective of the present study
was to determine if VBNC cells of C. jejuni would
colonize leghorn chickens (layers), or broilers, that
had previously been inoculated with microflora
from chicken cecal contents.

MATERIALS AND METHODS

Animals. Day-of-hatch (doh) leghorn chickens
(HyLine W36®) and Cobb X Ross broilers were
obtained from local commercial hatcheries and placed
in electrically heated commercial brooder batteries (10
chicks per cage). Feed was heat-treated at 65 C in an
oven. Chlorinated municipal drinking water was
provided in open troughs. Chicks were provided water
and a balanced unmedicated corn-soybean ration ad
libitum. An institutional Animal Care and Use
Committee reviewed and approved husbandry and
experimental procedures.

VBNC. A single C. jejuni strain, designated in our
laboratory as C. jejuni 91, was used for each experiment.
This C. jejuni 91 was originally isolated from bovine
fecal matter and was subsequently found to be a capable
colonizer of the ceca of doh chicks (30). Its ability to
colonize chicks was verified prior to preparation of
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VBNC cells by challenging small groups of doh chicks
(five chicks) at the onset of an experiment. Four campy-
cefex agar plates (25) were heavily seeded with this
organism in a manner that did not quite lead to
confluent growth and were incubated for 48 hr at 42 C
in a microaerophilic environment consisting of 5%
oxygen, 10% carbon dioxide, and 85% nitrogen. These
plates were then washed thoroughly with 5 ml of sterile
water that had been purified by reverse osmosis. The
resultant bacterial suspension was washed once by
centrifugation, and the pellets were resuspended in 45
ml of sterile water. The suspension was allowed to stand
at room temperature for 8 days, during which the cells
transformed to the VBNC form, that is, the suspension
did not contain culturable cells, but viable cells reduced
tetrazolium (29). The VBNC cell concentration ex-
ceeded 10° particles, as estimated with the use of
a Petroff Hauser bacterial cell counting chamber (29).

Continuous-flow cultures of normal gut
flora. Normal adult chicken microflora (NAF) were
obtained from a continuous-flow chemostat that has
been maintained at our laboratory for many years.
Details are described elsewhere (6,11,12,17). This
culture is free from viable culturable Campylobacter.

Experimental design. Two essentially identical
replicate experiments were conducted using layer
chicks, and a third experiment was performed using
a broiler breed. For each experiment, 50 doh chicks
were placed, 10 per brooder battery, into five in-
dividual batteries. Birds in group 1 were untreated.
Birds in group 2 were given, by gastric gavage, 0.75 ml
of the water suspension of VBNC cells described above
for doh. Birds in group 3 were given 0.75 ml NAF by
gavage and received no further treatment. Birds in
group 4 were treated as birds in group 3, with NAF on
doh, but 2 days afterward were challenged by gavage
with 0.75 ml of the VBNC cell suspension. This
treatment with VBNC distinguishes group 4 from
group 3. Birds in group 5 were given VBNC cells on
the same day that birds in groups 4 were challenged
with VBNC cells. One week after the birds in groups 4
and 5 were given VBNC cells, all birds were humanely
euthanatized and their cecal contents were collected
aseptically, serially diluted, and plated on campy-cefex
agar plates to detect the presence of culturable C. jejuni
in the ceca.

RESULTS AND DISCUSSION

Campylobacter jejuni were not recovered from any
of the 150 chickens examined. The birds in group 1
served as a control against the possibility that chicks
might become contaminated with C. jejuni either at
the hatchery or through other accidental means
while in our facility. The failure to recover C. jejuni
from birds in treatment group 1 demonstrated that
campylobacteria were not introduced from the
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hatchery. The failure to recover C. jejuni from birds
in group 2 demonstrated that no colonizing C.
jejuni cells (e.g., residual vibrionic culturable cells)
were present in the water suspension of VBNC
cells. Neither did spontaneous change from the
VBNC state to a colonizing form occur. Birds in
group 3 served as a control against the presence of
colonizing Campylobacter in the NAF culture and
also served as a control against the accidental
contamination of the poultry facility by campylo-
bacteria. The failure to recover Campylobacter from
birds in this group demonstrated that the NAF was
free of Campylobacter.

The primary experimental group was group 4.
Birds in this group received NAF 48 hr before they
received VBNC. The absence of recoverable C.
jejuni from birds in this group demonstrated the
failure of NAF to create an intraluminal environ-
ment in which VBNC cells will revert to culturable
colonizing forms. Hence, NAF did not create
conditions in the cecum that would allow VBNC
cells to become viable, culturable, colonizing cells.

Birds in group 5 controlled against the possibility
that microflora acquired naturally within the
poultry facility would induce transformation of
VBNC cells to colonizing culturable cells. The
failure to recover C. jejuni from this group dem-
onstrated that naturally acquired microflora were in-
capable of creating an environment in which VBNC
cells recovered their colonizing ability.

In our present experiment we gave doh chicks
abolus consisting of a mix of microflora that normally
are present within the adult chicken cecum. We chose
to use a continuous-flow culture derived from adult
chicken cecal material instead of a suspension of
normal adult chicken cecal contents because of the
possible presence of Campylobacter in adult cecal
material. Use of a continuous culture offers the
advantage of a known Campylobacter-free culture.
The disadvantage of choosing this approach lies
primarily in the fact that the culture undoubtedly
does not contain the full range of organisms, up to
500 species, present in the adult cecum.

Some authors have reported that commercial
broiler flocks become contaminated and colonized
with Campylobacter while in grow-out facilities
(8,13,21,28). VBNC present in hatcheries, water,
or in newly hatched chicks appears to be an
attractive explanation for this contamination, as it
can be argued that it takes time for the development
of a normal gut microflora, which might be required
for the transformation of VBNC cells to the
replicating, viable, vibrionic form that is capable

649

of colonization (28). But while this is an attractive
theory, it is neither supported nor refuted by
presently available information.

It is clear from the experiments with V. cholerae,
conducted by Colwell ez 2l (5), that under the
correct conditions, VBNC V. cholerae will revert to
a culturable colonizing form. To date, our results,
both in the present study and in a previously
reported study (29), have failed to show a similar C.
Jjejuni reversion back to the vibrionic colonizing
form. Perhaps there are events or environmental
conditions within the gastrointestinal tract that are
necessary to enable change from the VBNC form. It
is possible that VBNC cells are transiently capable
of reversion to a colonizing form but that this
transient status occurs early on, while there is still
a mix of both vibrionic and coccoid cells (culturable
and VBNC) in the water suspension. Finally,
because NAF did not induce the VBNC cells to
become viable, culturable, and colonizing, NAF
obtained from a continuous-flow chemostat is safe
for use as a competitive exclusion culture in situ-
ations in which chickens are exposed to VBNC cells.
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